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1 
This invention relates fo reversible engine con- 
trol equipment and more particularly to control 
apparatus adjustable in accordance with direc- 
tion of rotation of a reversible engine. 
In certain fluid pressure control systems for 5 
controlling the reversing of a reversible infernal 
combustion engine, a direction sensing interlock 
valve device is employed fo effect holding of the 
fuel supply fo the engine cut-off until the engine 
is rotating in its proper direction in accord with l0 
dictates from an operator's control device. Such 
an interlock device usually comprises a retract- 
able shoe which is adapted fo be brought into 
frictional contact with a rotatable part such as 
the engine crank shaft when in rotation to be 15 
biased in one direction or anotler according fo 
directionof such rotation by a force generated 
by the frictional contact. 
Heretofore in the control systems employing 
the above direction sensing interlock device, dur- 2(} 
ing reversing of the engine, the retractable shoe 
was brought into frictional contact with the en- 
gine crank shaft when saine was rotating at rela- 
tively high speed and held in such contact ùntfl 
the engine was turning over in ifs reverse direc- 25 
tion af relatively high speed. Such frictional 
contact of the retractable shoe with the rotating 
shaft resulted in unnecessary wear of the shoe 
and crank shaft. It is, therefore, a prime object 
of the present invention fo provide an improved 30 
engine control apparatus employing a direction 
sensing interlock device in which wear of the 
retractab!e shoe wfll be minimized. 
Other objects and advantages wfll become ap- 
parent from the following more detafled descrip- 35 
tion of the invention. 
In the accompanying drawing; Fig. 1 is a sche- 
matic view, partly in outline and partly in sec- 
tion, of one embodiment of the invention; Fïgs. 
2, 3 are schematic views of portions of alternate 40 
embodiments of the invention; Fig. 4 is a detailed 
cross-sectional view of an inverse double-check 
valve device, employed in the structure shown 
in Fig. 2; and Fig. 5 is a dëtáiled schematic cross- 
sectional view of a relay valve device one or sev- 45 
eral of which is or are employed in each of the 
embodiments shown in Figs. 1, 2 and 3. 
DESCRIPTION OF FIG. 1 
The reversible engine" (hOt shówn) may coin- 50 
prise the usual crank shaft |, only a portion of 
which is shown in cross-section in the drawing, 
a cam shaft 2, only a portion of which is shown 
in outline in the drawing, and $e ço.rol 
shaft 3. 

1949, Serial No. 100,069 
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The engine crank shaft | may be operably con- 
nected fo the pistons (hOt shown) of the engine 
and operatively connected fo means fo be driven 
(hot shown) such as a propeller or propellers on 
a ship, for example. 
The engine cam shaft 2 is adapted to be driven 
in proper phase with the crank shaft | in the 
usual manner for operating conventional engine 
valve mechanism (not shown) fo permit the en- 
gine fo be started by means (hOt shown) for 
operation on fuel in either direction of rotation, 
fo, for instance drive a ship ahead or astern. 
The cam shaft 2 may have the usual forward 
cams (not shown) fo provide for operation in 
one or an ahead direction and the usual reverse 
cams (not shown) fo provide for operation in 
the reverse or astern direction. In the well- 
known manner, the cam shaft 2 may be shifted 
axially in one direction fo one position for 
rendering the forward cams effective fo operate 
the engine valve or timing gear, and in the op- 
posite direction fo an opposite position for 
rendering the reverse cams effective to operate 
said gear. 
The fuel control shaft 3 is operatively con- 
nected fo fuel control valve means (not shown) 
for effecting regulation of the quantity of fuel 
supplied fo the engine cylinders by way of fuel 
i.jection nozzles or the like (hOt shown). The 
control shaft 3 is secured for turning movement 
by such as a fuel control lever , which is adapted 
to be moved fo a "Fuel off" position, indicated 
by a dot-and-ash line so titled in the drawing, 
in which position the fuel control valve means is 
so conditioned as fo cut off supply of fuel fo the 
engine cylinders, as is necessary fo reverse the 
engine for example. 
The control apparatus embodying the inven- 
tion comprises a cam shift cylinder device  for 
effecting shift of the engine cam shaft 2 fo con- 
dition the engine for operation in one direction 
or the other, a fuel cut-off cylinder device 6 for 
effecting movement of the fuel control lever  fo 
its "Fuel off" position as in stopping or reversing 
the engine, an operator's control device ] for 
controlling operation of the cam shift cylinder 
device  in reversing the engine and the fuel 
cut-off cylinder device @ in stopping the engine, 
.e, directioual interlock device 8 operable to sense 
the direction of rotation of the engine fo con- 
trol operation of the fuel cut-off cylinder device 
 in reversing the engine, a relay valve device 9 
operable to tender the fuel cut-off cylinder de- 
vice responsive to either the directional inter- 
lock device 8, as in reversing the engine, or fo 
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the operator's control device 7 as in stopping the 
engine, and a double check valve device 0 ar- 
ranged in cooperation with certain control pipes 
tobe described subsequently for controlling op- 
eration of the relay valve device 9. 
The cam shift cylinder device 5 is shown in 
longitudinal section in Fig. 2 and for sake of 
illustration, may simpl comprise a hollow cy- 
lindrical casing 5 having a cam shift piston 
s!idably disposed therein which is exposed on 
ifs one face to a chamber 7 and on ifs opposite 
face to a chamber 8. Fluid under pressure maY 
be conveyed to and from the chamber 7 by way 
of such as an ahead control pipe 9 and to.and 
from the chamber  8 by way of such as an astern 
control pipe ]. In response fo supply of fluid 
under pressure fo the chamber |7 by way of the 
ahead control pipe 9, while the chamber-8 ris 
vented via the astern control pipe 2, the cam 
shift piston 6 will be caused fo more in one di-_ 
rection to. the position in which if is shown in 
Fig. 2, which may be called ifs "Ahead" posi- 
tion, so titled in the ,drawing. Conversely, in 
response fo supply of fluid under pressure to the 
chamber 8 by way of the astern control pipe 
, while the chamber .7 is vented by way of the 
ahead control pipe 9, the piston 6 will be 
caused to more in the opposte direction to a 
position opposite to that in which if is shown 
in Fig. 2, which position .may be called its 
"Astern" position indicated in the drawing by 
a dot-and-dash line so-titled. The cam shift 
piston 6 is operatively connected fo the engine 
cam shaft 2 through the medium.of a rod 
which extends outwardly in an accomrnodating 
opening in the end wall of the casing 5. Vhen 
the cam shift piston -is caused to assume ifs 
"Ahead" position, the engine, cam shaft  wil! 
be caused to assume is corresponding position 
to condition the engine-for operation in its for- 
ward or ahead direction, and when the cam shift 
piston is caused to assume its "Astern" position, 
the engine cam shaft 2 is caused to assume its 
corresponding position fo condition the engine 
for operation in ifs reverse or astern direction. 
The fuel cut-off cylinder device. 3, for sake of 
illustration, may comprise a hollow-cylindrical 
casing 3 having a fuel cut-off piston  slidably 
disposed therein. Piston  .is exposed ai its 
one face te a pressure chamber 32 and ai its 
opposite face fo a spring chamber 3 which lat- 
ter chamber is constantly open to atmosphere. 
A stop rod , attached fo piston , extends out- 
wardly through an accommodating opening in 
one end wall of the casing 30-for engagement 
with the fuel control lever . When fluid under 
pressure is supplied-.to the pressure chambez 
the piston  will be caused fo assume such as 
the position in which if is shown  in the drawing, 
with the stop rod  in engagement with the. 
fuel control lever  nd holding saine in ifs "Fuel 
off" position. Upon release of fluid under pres- 
sure-from the pressure chamber 2, the piston 
3 will be moved- in the direction of said cham- 
ber 32 by a compression sping 35 in chamber 
3 to a position deflned by contact with such as 
a shoulder 6 in which position of said.piston 
the stop rod .will be retractod away from the 
fuel control lever  to allow same fo be moved 
in the direction of a "Full fuel" position by 
means of such as a speed governor device (hot 
shown) for effecting supply of fuel fo the engine. 
The operator's.control device 7 may be sub- 
stantially like that.shown and described in detail 
in United States Patent No. 2,413390 issued 

4 
Roy R. Stevens, December 31, 1946, and assigned 
to the assignee of the present application. For 
a detailed description of such a device 7, refer- 
ence may be ruade fo the above patent. 
 Briefly, the operator's valve device 7 com- 
prises valve means (hOt shown) for controlling 
supply of fluid under pressure from such as a 
reservoir  by way of a control supply pipe 0 
selectively to the ahead control pipe 9, the 
lO astern control pipe  and to a start control pipe 
 sïnd release of fluid under pressure therefrom 
as .well as for effecting variation in pressure of 
fluid in a speed control pipe 3. An operator's 
. controL lever  is provided for controlling op- 
i5 eration of the valve  means comprised in the 
device 7. 
The operator's control device disclosed in the 
above mentioned patent is employed in systoms 
for controlling the starting, stopping, running, 
0 reversing, .etc. of a reversible engine, but since 
thefunction and .operation of the invention does 
hot involve .the use-of-more than the ahead and 
astorn control .pipes. 9 and , only.those posi- 
tions of the operator's control lever  of device 
 7 for controlling selective establishment of pres- 
sure in said. pipes . 9 and 2 will be described in 
the .present application.. 
In operation of the control valve devlce 7, the 
operator'sleer  is movable to a "Stop" posi- 
g0 tion in which if .is shown, in the drawing and in 
which position both. the ahead and astern con- 
trol.pipes are.vented toi atmosphere. The op- 
erator's.control lever  may .be moved out of its 
"Stop'.' position in.one, direction indicatod in the 
 drawing-by an arrow and a legend "Ahead" to 
effect .supply of fluid under pressure from the 
control supply pipe  to the ahead.control pipe 
9 while maintaining the astern control pipe  
vented to-atmosphere,. The operator's control 
]0 lever  may. also be moved out of ifs "Stop" 
position in the opposito direction indicated in the 
drawing by.an, arrowand a legend "Astorn" fo 
effect supply of fluid under pressure from pipe  
fo the astern.control pipe 0 while the ahead con- 
 trol pipe 9 is maintained vented to atmosphere. 
The return of the operator's control lever  to 
"Stop" position from either "Ahead" or "Astern" 
will effect simultaneous venting of both the ahead 
and astern.control pipes 9 and . In reversing 
0 the engine, the operator's control lever  may 
be moved, from a .position. on whichever side of 
"Stop" position it may,be.in to a position on the 
opposite side of "Stop'.' position without pause 
in said-"Stop'position to-effect a reversal in 
5, pressure conditions in the ahead, and astorn con- 
trol pipes 9 and ... For example, the control 
lever 4 may be-moved continuously from a posi- 
tion on. the "Ahead" side of "Stop" position to 
a position on the "Astern" side of "Stop" posi- 
0 tion thereby effecting venting of the previously 
charged ahead control.pipe 9 and pressurization 
of the previously vented, astern control pipe O, 
the effect.on pressure.conditions in pipes  and 
 of moving handle -.through "Stop" position 
ç; during, the above movement may be neglected 
due to the fact that theqever -will occupy 
"Stop" position only momentarfly in passing 
through. 
The directional interlock device 8 in the usual 
7o form comprises a casing having two poppet 
valves || and | contained in chambers  
and  respectively. The poppet valves || and 
2 are arranged side by side with parallel ex- 
tending fluted stems |35 and |, respectively, 
75 which extend into a delivery chamber |37 coin- 
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mon te both. The valvs 3 and 32 are pro- 
vided te control communication between the 
chambers 33 and 34, respectively, and the 
chamber 37. A spring [8 in each of the cham- 
bers 33 and 4 acts on the respective valve 3 
32 te urge same toward a closed position, in 
which position the valve 3 is shown in the 
drawing. 
The valve stems [36 and 3 engage, respec- 
tively, two spaced apart operating plungers 
and 14} which are slidably mounted in the casing 
and which are provided with stems 4 and 
extending outwardly through the casing. Two 
rockable cams 44 and [6, fulcrumed on pins 
secured te the casing, are provided for actuating 
the plungers [ and 2, respectively. These 
cams may be identical but reversely arranged, 
and each is operatively connected te the respec- 
tive plunger , 4 through the medium of a 
ïollower element 7 rockably mounted on a pin 
secured in the casing. Each of the cams  and 
16 is provided with a surface 49 which, when 
in engagement with the respective element 
will unseat the respective valve 3 or $2. Ad- 
jacent te the surface 49, each cam is provided 
with a recess 6} which is adapted te receive the 
respective element 7 te permit movement of the 
respective plunger 39 or  by a respective 
spring 6 te a position te permit closure of the 
respective valve 3 or $ by the respective 
spring 138. 
The two cams 4 and 46 are operatively con- 
nected for movement in unison by a link I 2, and 
since the cams are reversed as above mentioned, 
movement of the link and cams te the position 
in which they are shown in the drawing will 
effect opening of the valve 132 and closure of the 
valve 131, while movement of said link and cams 
in a clockwise direction, as viewed in the draw- 
ing, te a position in which the surface 19 on 
the cam 144 engages the respective element 
will effect opening of the valve 13 and closing 
of the valve 132. 
The directional interlock device  further com- 
prises a shoe actuating piston Sg which is op- 
eratively connected te the link 152 by means of 
a piston rod 155, which extends through a non- 
pressure chamber 156 atone side of said piston. 
At the opposite side of the piston 15 there is a 
piston or pressure chamber 157. The opposite 
or outer end of the piston rod 15 is connected 
by a pin 159 with a friction shoe I1 which is 
adapted and arranged for frictional engagement 
with the outer surface of the crank shaft . The 
piston rod 155 is also operatively connected by 
means of pin 155 te one end of a link $3, the 
opposite end of which is operatively connected 
te the link 2 by means of a pin 
The piston rod I 6 is capable of side movement 
n the non-pressure chamber 156 from the posi- 
tion in which it is shown in the drawing, and 
which is defined by contact with a surface I- 
in the casing, te a position in which said rod 
engages a surface 5 in thecasing. Adjacent te 
the surface 165, the casing is provided with a pin 
6G which is arranged te engage in one of two 
recesses 167, Iç according te whether or net the 
piston rodis in the position in which itis shown 
in the drawing or is in its opposit¢ position 
aging the surface 15. 
\X/hen fluid under pressure is supplied te the 
pressure chamber 157, in a manner which wi!l be 
described herein subsequently, the piston 
will move the friction shoe  into engagement 
with the engine crank shaft I, which, if rotating, 

will bias the rod 166 toward one or the other of 
surfaces 164 or 166, according te the direction 
in which said shaft is turning. At the rime of 
engagement of the shoe  with the shaft , the 
5 link 63 will be disposed away frein the pin 6, 
se that the rod 66 is free for sidewise movement 
te effect positioning of the cams 44 and 
accordingly. If, at the rime of engagement of 
the shoe 6 with the shaft , said shaft is rotat- 
l0 ing in its forward or ahead direction, the rod  
will be biased te the position in which it is shown 
in the drawing in leaning engagement with the 
surïace 6, and the cams  and 6 therefore 
will be caused te assume the positions in which 
15 they also are shown in the drawing with the 
valve 3 consequently closed and the valve 
open. If, conversely, the shaft  is rotating in 
the reverse or .astern direction at the rime of 
engagement by the shoe 6, the rod 66 will be 
20 caused te assume ifs opposite position in leaning 
engagement with the surface 6, thereby effect- 
ing shift of the cams 4, 6 te their positions 
in which the valve 2 is closed and the valve 
3 is opened. If, however, af the rime that the 
25 shoe 6 engages the shaft , said shaft is static, 
the rod 66 will remain in leaning engagement 
with whichever of the shoulders 6 or  if may 
be in such engagement with at the rime. Upon 
release of fluid under pressure from the chamber 
3o 57, a spring 78 will move saine in the direction 
of said chamber te a test position in which it is 
shown in the drawing, while the shoe 6 wiil 
thereby be moved te a corresponding test posi- 
tion seated on accommodating shoulders 
5 formed in the casing. The ]ink 63 will return 
into contact with the pin 66 which will project 
into one or the other of the recesses 67 or 
te lock the piston rod 6, cams 44, , and 
the valves 3, 32 in the positions which they 
4(i were caused te assume when the shoe 6 last 
n<aged the shaft t whm rotating. 
Rferring te Fig. 5, for sake of illustration, 
schematically the relay valve device 9 shown in 
outline in Fig. 1 may comprise a casing 28 hav- 
,..5 ing a diaphragm 2} disposed therein subject te 
pressure of fiuid in a diaphragm control cham- 
ber 22 at ifs one side and te atmospheric pres- 
sure in a chamber 23 at its opposite side. Also 
formed in the casing are chambers 2, 2 and 
: 2û, chamber 2 being sepaarted frein the cham- 
ber 2} by a partition 2}] and from the chamber 
- by a partition 2}8. A partition 2 seprrate 
the chamber 26 frein the chamber 2}. A valve 
2 H} is disposed in the chamber 2} for controlling 
 communication between the chamber 25 and 
said chamber 2}. The valve 2  may be secured 
te a fluted stem .   slidably mounted in a suitable 
bore extending through the partition 88, a valve 
seat being formed af the end of the bore that 
«: opms into the chamber 2} for accommodating 
the valve 2}. A valve 2ç,similar te the valv 
2  }, is disposed in the chamber 2} for controlling 
commuAcation between the chamber 2 and 
said chamber }. The valve 2 2 is attached te a 
 fluted stem 23 which is slidably disposed in a 
suitable bore extending through the partition 2 
a valve seat being formed in the end of said bore 
opening into the chamber 2}6 te accommodat 
the valve 22. Both of the fluted stems 2! and 
fo 23 project into and meet in the chamber 
A bias spring 2  l:S disposed in the chamber 
aanged te urge the valve 2-  towaïds ifs seat. 
and at the saine rime, through engagement of 
stems 2 and 2, te urge the valve 29 away 
75 frein ifs seat. The valve 2} is operably con- 
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nected fo ,the diaphragm .20 I bY means of a rod 
or Stem 215" whih extends through a bore in the 
partition 207. A controlspring 216 is provided 
in the chamber 203 to oppose deflection of the 
diaphragm 2GI in thë direction of the chamber 
203. 
In operation oïthe relay valve device shown in 
section in Fig. 5, with the chamber 203 con- 
stantly open to atmosphere by way of such as a 
casing port 203 , upon supply of fluid under pres- 
sure to the control chamber 202, the diaphragm 
20 will deflectin the direction of the chambre" 
203 against opposition of the control spring 2 
and the bias spring 2 J4 and will cause seating of 
the valve 20 and unseating of the valve 22. 
With the valve 2 ! 0 closed and the valve 2 ! 2 open, 
the chamber 200 wfll be closed fo the chamber 
204 andoïò.eii to the-chamber 20. Upon subse- 
quent venting of fluid under pressure from the 
controt chamber 202; the bias spring 2 J4 and the 
control spring 2 $.will return the diaphragm 20! 
and valvès 2 0 'and 2 2 fo the positions in which 
they are shown in the drawing; the valve 2J2 be- 
ing seated and the valve 20 being unseated. 
Wih-the vàle 20 unseated and the valve 
seated, the chamber 20 will be closed to the 
chamber 20 and open fo the chamber 
Hereinafter,. in describing operation of the re- 
lay valve device  shown in outline in Fig. 1, as 
well as those fo be dèscribed hereinafter and 
shown-inFigs. 2 .and 3, when the control chamber 
is vented to atmosphere and the valves 20 and 
2 ! 2 .are consequently unseated and seated, respec- 
tively, resultant connection between the chamber 
20.5 and the chamber 204 by way of.the unseated 
valve 20 will be'referred to as a communication 
 which is represented symbolically in the 
drawing in each instance by a solid line appear- 
ing within the outline of the relay valve device. 
Similarly, when the valve 2 0 is seated and the 
valve 2|2 is unseated as a consequence of supp]y 
of fluid under pressure to the control chamber 
02 in the relay valve device, the resultant con- 
nection between the chamber 20 and the cham- 
ber 20 by way of the unseated valve 22 will be 
rferred fo as a communication , indicated 
symbolically in the drawing by a dash line 
pearing within the general outline of the device. 
The double check valve device ! 0 shown in out- 
line in Fig. 1 may be of any well-known structure 
and for sake of illustration may simply comprise 
a casing having a piston valve (hot shown) slid- 
ably mounted therein fo control communication 
between one or the other of two opposite like in- 
let openings and an ourlet opening. 
In operation of the double check valve device 
J0, when fluid under pressure is supplied fo one 
of ifs inlet openings with the other of said inlet 
openings vented, the piston valve wfll be caused 
to assume a position which closes off from the 
ourlet opening whichever of said iniet openings is 
vented and opens to said ourlet opening which- 
over of said iniet openings is pressurized. Upon 
venting of both inlet openings fo atmosphere, the 
ourlet opening willvent fo atmosphere via one or 
the other of saidiniet openings depending upon 
the position of the piston valve ai the rime. 
In the relay valve device 9, ifs control cham- 
ber 202 is connected to the ourlet opening of the 
double check valve device 0 by way of a pipe 300, 
ifs chamber 204 is connected fo a branch of the 
control supp!y pipe 4ff, ifs chamber 20§ is con- 
nected to the pressure chamber 32 in the OEuel 
cut-off cylinder device  by wayof such as a pipe 
30 , andits chamber 206 i connected to the de- 

livery chamber 131 in the directional interlock 
device 8 by way of such as a delivery pipe 3G2. 
In the double check valve device I G, its ourlet 
opening is connected to the pipe 30G as aforemen- 
5 tioned, and its inlet openings are connected fo 
the ahead and astern control pipes J9 and 20 re- 
spectively. 
According to a feature of the invention, the 
pressure chamber 15 in the directional inter- 
10 lock device  is connected fo the delivery chamber 
J3 therein by way of conduits or pipes 305 and 
O5 connected respectively to chambers 
and fo each other to allow for automatic release 
of fluid under pressure from the chamber 
1 uPon rotation of the origine crank shaft in accord 
with dictates of the operator's control device 
a willbe described in detail subsequently. 
ODraion--Fig: 1 
20 Assume now that the operator's lever ,4 of 
the operator's control device ? is in its "Stop" 
position, with both the ahead and astern con- 
trol pipes 10 and 20-consequently vented to 
mosphere. The pipe 390, hence the control 
25 chamber 292 in the ïelay valve device , will 
be vented to atmosphere by way of the double 
check valve device J0 and one or the other of 
the now vented control pipes 9 and 20. Viith 
ifs conrol chamber thus vented fo atmosphere, 
30 the relay valve device 0 will be positioned with 
its communication 3 established, connecting 
the pipe 3i} to the control supply pipe 9 so 
that the chamber 32 in the fuel out-off cylinder 
device 6 will be charged with fluid under pres- 
35 
sure. ïhe fuel cul-off piston i consequently 
wi!l be in the position in which if is shown in 
the drawing, with the stop rod 3 holding the 
.fuel control lever 4. in ifs "Fuel offf' position to 
prevent supply of ïuel.to the origine at this rime. 
d0 Assume furter that the ongle was last oper- 
atflg in its forward, or ahead, direction. The 
cam shift piston  in the cam shift cylinder 
device  will be in its "Ahead" position in which 
it is shown in the drawing with the engfle cam 
45 shaft 2 also correspondingly positioned to con- 
dition the origine for operation in its forward 
direction. oth of the chambers  and  in 
the cam shift cylinder device 5 wiI1 be vented 
to atmosphere at this rime by way of the now 
50 vented ahead and astern control pipes , 29 
so that the cam shift piston I O and engine cam 
shaft 2 wiil romain static. 
After previous operation of the engine in ifs 
ahead direction, the directional interlock device 
55  will be in the position in which it is shown 
in the drawing, with the valve 32 open, and 
the valve 3! closed. Ifs delivery chamber 
therefore will be disconnected from the ahead 
control pipe |9 and connected to the now vented 
60 astern control pipe 2- by way of the unseated 
valve 32. The pressure chamber 5 in the di- 
rectional interlock device 8, beflg connected to 
the chamber 3, therefore will be vented at this 
rime by way of the astern contro! pipe -0. With 
65 Pressure chamber $ vented, the piston $4 wfll 
be in its test position in which if is shown in 
the drawflg with the friction shoe ! conse- 
quently in a retracted test position seated on 
shoulders J! and disposed away from the now 
î0 static engine crank shaft $. Since when the 
shoe ! was last in engagement with the engine 
crank shaft ! said shaft was turning in its ahead 
direction as assumed, the piston rod $5 will be 
locked by pin J6 in notch $$ in the position 
75 in Which i is shown in the  drawing in leaning 
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engagement with the surface 164, thereby hold- 
ing, through respective position of the cams 14, 
145, the valve 132 unseated and allowing the 
valve 131 fo be in ifs seated position by virtue 
of the force of the respective compression spring 
Now assume that, as in the usual manner, that 
the operator's lever 4 is moved out of "Stop" 
position in the "Ahead" direction fo effect start- 
ing of the engine in its ahead direction by 
means (hot shown). In response fo this move- 
ment of the operator's lever 4, supplyof fluid 
under pressure fo the ahead control pipe 
will be effected by the device 1. Fluid under 
pressure from the ahead control pipe 19 will 
flow into the chamber 7 in the cam shift cyl- 
inder device 5, but since the cam shift piston 
G is already in its "Ahead" position af the rime, 
said piston will remain stat2c with the engine 
cam shaft 2 remaining in its corresponding posi- 
tion conditioning the engine for operation in its 
ahead direction. From the ahead control pipe 
, fluid under pressure will also flow to the 
control chamber 2{}2 in the relay valve device 
9 to cause saine te disestab]ish its communica- 
tion 8 which connects the pipe 3{} to the 
control supply pipe 0 and fo establish its com- 
munication 9 which connects said pipe 
to the pipe 3{}2 thence fo the chamber 3 in 
the directional interlock device .$. Since, as 
aforementioned, the directional interlock device 
8 is in its ahead position af this time with its 
valve 3 closed and its valve 32 open, fluid 
under pressure will release from the chamber 
32 in the fuel cut-off cylinder device 6 by way 
of the pipe 3, the newly established com- 
munication  9 in the relay valve device 9, the 
pipe 3{}2, chamber 37 in the directional inter- 
lock device 8, the unseated valve 32 and cham- 
ber 3 therein, and the astern control pipe 
The fuel cut-off piston 3 will then be caused 
to assume its release position in which the stop 
rod 3 is disposed away from the fuel coïtrol 
lever 4 fo allow the fuel control shaft 3 to be 
positioned te effect supply of fuel to the engine. 
Fluid under pressure supplied te the ahead 
control pipe 9 wfll aiso flow into the chamber 
33 in the directional interlock device 8, but such 
fluid under pressure wfll hot reach its chamber 
3 since its valve 3 is seated. 
It should be pointed out that during the time 
that the above is occurring, the pressure cham- 
ber 5 in the directional interlock device 
remains vented by way of the pipe 3{}5', the 
pipe 3{}5, and the chamber 3 so that the fric- 
tion shoe wfll remain in its test position disposed 
away from the engine crank shaft . 
It wfll be seen from the foregoing description 
that when the operator's lever  is moved out of 
"Stop" position to effect starting of the engine 
in the saine direction in which it last operated, 
the fuel cut-off cylinder device 6 is released, 
while the piston 5 in the directional inter- 
lock device  remains in its rest position, there- 
by conserving fluid under pressure over former 
systems employing such a device in a manner 
which caused operation of the piston 5 and 
engagement of shoe  6 with shaft  when start- 
ing the engine in the saine direction in which 
it last operated. In addition to conservation of 
fluid under pressure, in employing the direc- 
tional interlock device 8 in fashion as fllustrated 
in the present application, what is even more 
important, the wear on the shoe 6 is greatly 
reduced over the previous methods of employ- 
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ing such interlock device, since if frequently 
occurs that the engine is restarted for operation 
in ifs previous direction of operation particularly 
when operating in its ahead direction. 
5 As is the usual practice, fo stop the engine, the 
operator's control lever 4 wfll be returned fo ifs 
"Stop" position, effecting venting of the ahead 
control pipe 9 to atmosphere along with the 
astern control pipe 2{} already so vented, lluid 
10 under pressure will thon release from the cham- 
ber  in the cam shift cylinder device , direct- 
ly by way of the ahead control pipe 9, and from 
the control chamber 2{}2 in the relay valve device 
 by way oï the pipe 3}, double check valve de- 
15 vice 9 and the now vented ahead control pipe. 
Upon the above venting of fluid under pres- 
sure from the chamber ] in the cam shift cylin- 
der device 5, the cam shift piston 6 and hence 
the en2ine cam shaft 2 will romain static in posi- 
2o tion to condition the engine for operation in its 
ahead direction. 
Venting of fluid undei pressure from the con- 
trol chamber -}2 in the relay valve deviçe 9, how- 
over, rendors said device responsive to disestablish 
5 its comïnunication 9 which connects the pipe 
 to the pipe 3}2 and to establish its communi- 
cation 8 which connects said pipe 3{} to the 
control supply pipe 8, whereupon fluid under 
pressure wfll flow thereby te the chamber .2 in 
0 the fuel cut-off cylinder device 6 fo cause the 
stop rod 4 to assume the position in which it is 
shown in the drawing, moving the fuel control 
lever  to its "Fuel off" position to terminale sup- 
ply of fuel to the engine £or stopping saine from 
5 operation in its ahead direction. Ail parts of the 
apparatus vi!l now assume the positions in which 
they were described previously with the engine 
stopped subsequent to its operation in the ahead 
direction. 
40 Now assume that, with the origine stopped after 
previous operation in ifs ahead direction and 
with the operator's control lever 4 in it "Stop" 
position, it is desired to effect starting of the 
origine in a direction opposite to that in which 
it last operated, in its astern direction for exam- 
45 ple. The operator's lever 4 will be moved out oî 
its "Stop" position in the direction of "Astern" fo 
effect supply of fluid under pressure to the astern 
control pipe 2 while maintaining the ahead con- 
trol pipe 9 vented as in "Stop" position. 
5o Fluid under pressure thus supplied to the astern 
control pipe 2} will flow fo the chamber 8 in the 
cam shift cylinder device  and to the chamber 
5 in the directional interlock device  by way 
of chamber 3, unseated valve 32, deiivery 
55 chamber 3 and the pipe 3{}, 3{}5' therein, and 
to the control chamber 2S in the relay valve de- 
vice 9 by way of the double check valve device 
and the pipe 
In response to supply of fluid under pressure to 
60 
chamber   in cylinder device 5, with its chamber 
 vented via the astern control pipe 2{}, the cam 
shift piston G will be caused to assume its 
"Astern" position opposite to that in which it is 
65 shown in the drawing to shift the engine cam 
shaft 2 to ifs corresponding position to condition 
the engine for operation in its astern direction. 
In response to fluid under pressure supplied as 
above to its control chamber 2}2, the relay valve 
70 device  will respond fo disestablish its cormnuni- 
cahtion 8 which connects the pipe  fo the 
control supply pipe {} and to establish its com- 
munication   9 which connects the now charged 
delivery chamber 3 in the directional inter- 
75 lock device  to the pressure chamber 32 in the 
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fuel cut-off cylinder devlce 6, via pipes39! and 
302, so that at this rime the fuel conrol lever 4 
will be held in ifs "Fuel off" position by effect of 
pressure of flud held in the chamber 3-. 
Pressure of fluid supplied to the delivery cham- 
ber I31 in the directional interlock device 8 from 
the now charged astern control pipe 26 wfll also 
flow via pipe and passag 305 to the pressure 
chamber |51 therein. In response to supply of 
fluid under pressure to the chamber 51, the pis- 
ton 54 will be caused to move the friction shoe 
161 into engagement with the engine crank shaft 
 which may yet be static at the time. With the 
friction shoe 6 in engagement with the engine 
crank shaft , when the engine is caused to turn 
over in its astern direction, said shoe in being 
biased to follow movement of the crank shaft will 
cause, through shift in position of link 52 and 
cams I44, I45, Seating of the valve I32 and un- 
seating of the valve I3, whereupon fluid under 
pressure will release frein the pressure chamber 
32 in the fuel cut-off cylinder device 6 by way of 
pipe 30 I,communication  I9 in relay valve device 
9, pipe 302, cliamber I7 in directional interlock 
device 8, the unseated valve i31 and the ahead 
control pipe 19 to allow stop rod 34 tobe retracted 
from the fuel control lever 4 to allow the fuel con- 
trol shaft 3 tobe moved to effect supply of fuel fo 
the engine. Also, upon closure of the valve 132 
and opening of the valve i3I in the directional 
interl0ck device I, fluid under pressure in the 
chamlser 157 therein will release to atmosphere by 
way of the pipe 05', the pipe 305, the chamber 
I37, the unseated valve i31, chamber I33, and the 
vented astern control pipe 20. Upon release of 
fluid under pressure from the pressure chamber 
157, the piston 154 will be caused by action of the 
spring I70 to return toits test position, with rod 
I55 in leaning engagement with surface I65 and 
the link 52 locked in position by pin 66 in the 
notch 61 to hold the cams 44, 45 so positioned 
as to hold the valve 3 unseated with the valve 
 32 seated. 
It will be seen that when the engine is started 
in a direction opposite fo that in which it was 
last operatd, astern after operationahead, for 
exemple, as above described, according to a fea- 
ture of the invention, with the friction shoe 6 
held in contact with the engine crank shaft  by 
pressure of fluid in the pressure chamber 51, by 
virtue of the connection 305 with the chamber 
31, as soon as the shaft  is started to turn in 
its new, or astern, in the present instance, direc- 
tion, fluid under pressure in said pressure cham- 
ber |51 is automatically released by way of said 
chamber 31 to allow spring I10 fo move the fric- 
tion shoe 6 to ifs retracted position away from 
the rotatin shaft . It will be appreciated that 
such retraction of shoe 16 wfll be effected auto- 
matically upon initial turning movement of the 
shaft ! belote saine is actually rotating at any 
appreciable speed, thereby preventing unneces- 
sary Weaï on the shoe that otherwise occurs in 
previous àrrangements empl0ying a directional 
interlock device in such a fashion as allows the 
shoe to remain in engagement with the shaft for 
a considerable rime after rotation in its new di- 
rection. 
To stop t.he engine operating in ifs astern di- 
rection, in the usual manner, the operator's lever 
44 is moved to whatever position it may be oc- 
cupying at the "Astern" side of "Stop" position 
fo the "Stop" position, thereby effecting venting 
of the astern contr01 pipe 20 along with the ahead 
control pipé ! 9 already So vénted. 
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Fluid under Pressure'wfll then release fromthe 
control chmber 292in the relay valve davice 9 
bYway of'the pipe: 399 and"double check valve 
device 9 to Oause supply of fluid under pressure 
5 from the control supply pipe 40 to the chamber 
in the fuel cut-off cylinder device 6 through 
tablishment of the communication   8 in saïd re- 
lay valve device. The uel cut-off cylinder device 
9 will-then resp0nd to ëffect cut off of supply of 
10 fuel to thé engine through movement of the fuel 
controllever 4 to ifs "Fuel off" position, as willbe 
appreciated from previous description. The 
engine will then corne to a stop with the cam shift 
piston I6 :remaining in ifs "Astern" position and 
15 the engine Cam shaft 2 remaining in its corre- 
sponding position conditioning the engine for 
opération in its' astern diection. The directional 
interlock device  will also' remain in its astern 
-position with shoe/6! étracted and valves 3, 
20 |32 open and closed, respectively. 
It will be appreciated that in 0perating the con- 
trol apparatus to effect sarting of the engine 
ahead after previous operation astern, the direc- 
tional interlock deice Il will respond in manner 
25 as aforedescribed, retracting ifs shoe  6  upon ini- 
tial turning.movement of the shaft  in its new, 
or ahead direction belote the shaft is ye turn- 
ing at any appreciable speed. 
Now assume that the-engine is rùnning .in:its 
30 ahead direction Vïith thë opi?átor'sivér 44 ïo0si- 
tioned at the "Ahead" side-of "Sop'"poition 
and with the ahead contr01 pipe 9 chargéd With 
fluid under pressure and the astern control-pipe 
-wented. As aforedéscribed, the cam Shiftpiston 
35 I6 and. eiiine cam shaft 2 will-bè-in'-tlieir' re- 
spective ahead positions, the relay -vlve device 9 
will be p0sitioned .with i communication tt9 es- 
tablished, the directional interlock device 8 wfll. be 
in ifs ahead position ,with the valve ,3I seatèd 
40 and the valve 13- unseatedso that hambe 
wfll be connected to the.vénted astern conSrolpipe 
29. The Cliamber 51 in the directiònal. ïntërldck 
device 8 and the.chamber 3- in tl]e fuel cut-off 
cylinder device 6 will be vented to atmosphere by 
45 way of the chamber 31 in said device 8. -rhe 
friction shoe 15 in the diréctionat interIocK de- 
vice 8 therefore will be in its retracted 'position 
away from the rotating engine crank Shaft ind 
the fuel cut-off cylinder device 6 wiltbe inlas 
released position wlth the stop rod; 34 disposed 
50 
away fromthe fuel 'control lever 
 Now asstme that in the usual manner, .the op- 
erator's léver 44 is moved from it position on:-the 
"Ahead" side of "Stop" position directiy to a posi- 
tion on the "Astern" side of "Stop". position'for 
55 
effecting a reversal in. the. direction of operation 
of the engine from ahead to astern, for example. 
Venting of the ahead control pipe 9 and charging 
of the astern control pipe 29 is thereby-effected. 
60 Ventingthe ahead control pipe |9 and charging 
the astern controlpipe.29 will not effec$ the: status 
of the relay valve device 9, Since ifs control cham- 
ber 292 will remain pressurized when either.«one 
or the other of the.control pipes 19 or 29.is pres- 
surized by way of the double checkvalve device 
9 and the pipe 399. The communication-19, 
therefore-Is.malntained established, connecting 
the chamber 32.in the fuel cut-off cylinder device 
6 to the chamber 131 in the directional interlock 
device 6 by way 0fthë.pipes 3,1. and 392. 
Fluid under pressure from the aStern control 
" pip29 will fl0w-bY Way of the hariiber 134, the 
unseated valve132, into the chamber 131 in the 
directi0nal interlocl deviceS,, thence to the pres- 
 SUrë'chamber 3l:in the .fUel cu$-off-.cylinde«de_ 
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vice {} to cause cut-off of supply of fuel to the 
engine, as will be appreciated from previous de- 
scription, and fo the pressure chamber I§l in 
said device 8 to cause the friction shoe I{}! tobe 
brought into engagement with the crank shaft | 
rotating in its ahead direction. Whfle the crank 
shaft continues to turn in ifs ahead direction, the 
valves 3|, 132 in the directional interlock de- 
vice 8 will remain closed and open, respectively, 
as will be appreciated from previous description. 
At the saine time, fluid under pressure supplied 
to the astern control pipe 2{I will flow into the 
chamber |8 in the cam shLft cylinder device 5 as 
fluid under pressure from the chamber ! 1 releases 
by way of the vented ahead control pipe ! 9, so that 
the cam shift piston | {} will be caused  shift the 
engine cam shaft 2 from ifs ahead  its astern 
position to condition the engine for operation in 
its astern direction. 
Upon completion of the above shift in position 
of the engine cam shaft 2, the starting means 
(hot shown) may be brought into operation to 
oppose further rotation of the engine in its orig- 
inal or ahead direction and to turn the engine 
over in its new or astern direction. 
Upon initial turning movement of the engine, 
hence crank shaft I, in th astern direction, the 
friction shoe 8| in contact with said shaft will 
cause rocking of the rod |85 from its position in 
leaning engagement with the surface {} fo its 
opposite position in leaning engagement with the 
surface 185, causing through resultant movement 
of the link | 52, rocking movement of the cams ! 
|5 and thereby unseating the valve 3! and al- 
lowing the respective spring 38 to seat the valve 
32, as will be appreciated from previous de- 
scription. 
Upon closing of the valve |32 and opening of 
the valve 3! in the device 8 its chamber 31 will 
become vented to atmosphere via the unseated 
valve | 31 and the now vented ahead control pipe 
|9 so that fluid under pressure will release from 
the pressure chamber 81 beneath piston 18 in 
device 8 to allow for retraction of friction shoe 
8| to its test position disposed away from the 
crank shaft | being brought into rotation, and 
fluid under pressure will also simultaneously re- 
lease from the pressure chamber 32 in the fuel 
cut-off cylinder device 8 to allow for movement 
of the fuel control shaft 3 for effecting supply of 
fuel to the engine, as will be appreciated from 
previous description. It should be recalled that 
at the time that the chamber 31 in the direc- 
tional interlock device 8 is vented via the ahead 
control pipe, the chamber 32 in the fuel cut-off 
cylinder device 6 is connected to said chamber 
|3" by way of the pipe 30|, communication |9 
in the relay valve device {1, and the pipe 302. 
It will be seen now that in effecting reversal 
in direction of operation of the engine, the fric- 
tion shoe |8! of the directional interlock device 
8 is moved into frictional engagement with the 
engine crank shaft ! while it is still turning in 
its original or ahead direction, and automatically 
retracted to its rest position disposed away from 
said shaft $ substantially upon its initial turn- 
ing movement in the new or astern direction, to 
prevent prolonged engagement of said shoe with 
the shaft when rotating in its new direction, 
thereby reducing the wear on said shoe. 
leversal in operation of the engine from 
astern to ahead may be effected in similar fash- 
ion, with automatic retraction of the shoe 
away from the shaft I upon its initial turning 
movement in its new direction. 
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Termination of operation of the engine in ifs 
astern direction will be effected in fashion as 
aforedescribed, through movement of the opera- 
tor's control lever 4 from its position at the 
"Astern» side of "Stop" position to said "Stop" 
position. 

DESCIIPTION OF FIG. 

The structure shown in Fig. 2 comprises a 
10 
relay valve device 9{1, which may be similar 
schematically to the relay valve device shown in 
detail in Fig. 5, and an inverse double check valve 
device 46| arranged to delay supply of fluid 
under pressure from the chamber 13 to the 
15 
chamber 8 in the directional interlock device 
8 during reversal of the engine until the engine 
cam shaft 2 bas been shifted in order to reduce 
the length of time that the shoe 8! of device 8 
remains in contact with the shaft ! when rotat- 
20 
ing in its original direction, prior to automatic 
retraction of said shoe upon initial turning 
movement of said shaft in its new direction. 
l:'eferring to Fig. ., in the relay valve device 
{1{1, its chamber 2{14 is connected to atmosphere 
25 by way of such as a pipe 38{}, its chamber 2{18 is 
connected to the pipe 308', hence to the pressure 
chamber 18 in the interlock device 8, and its 
chamber 288 is connected to the pipe 3{}8, hence 
to the chamber 3 in said device 5. 
30 In response to supply of fluid under pressure to 
its control chamber 2{12 by way of such as a pipe 
32|, the relay valve device 89 will respond to 
establish ifs communication 9 connecting the 
pipe 368' to the pipe 398 and thereby connecting 
35 the chambers 5 and 13 in the directional 
interlock device 8. In response to release of fluid 
under pressure from its control chamber 2{}2, the 
relay valve device 4{1{I will disestablish its com- 
munication | {1 and establish its communication 
40 |8 connecting the pipe 368', hence chamber 
in device 8 to atmosphere via pipe 386. 
l:'eferring to Fig. 4, the inverse double check 
valve device {1! shown in outline in Fig. . may 
comprise a casing 323 having a bushing 324 
45 which is encircled midway between its ends by 
 an annular chamber 328 connected to the pipe 
32 . The bushing 32 is provided interiorly and 
midway between its ends with a bridge having an 
axial bore 28 open to chamber 325 through a 
50 plurality of radial openings 32. At one end of 
the bore 3-6 is an annular seat arranged for seal- 
ing engagement by a valve 328 contained in a 
chamber -9, while at the opposite end of said 
bore is an oppositely arranged annular seat pro- 
5 vided for sealing engagement by a valve S0 con- 
tained in a chamber 331. The two valves 
and 33{} are connected for movement in unison 
by a stem 332 extending with clearance throu2h 
the bore 326. This stem is of such construction 
60 as will allow iïow of fluid under pressure past 
either valve 328 or 33{1, when unseated, through 
the bore 328 to the annular chamber 
The chamber 33! is connected to a pipe 
arranged to be connected to the chamber |] 
65 the cam shift cylinder device 8 just to the left of 
the cam shlft piston 6 when said piston is in its 
"Astern" position opposite to that in which it is 
shown in the drawing. The chamber 32{1 in the 
inverse double check valve device {1! is con- 
70 nected to  pipe 34 arranged to be opened to 
the chamber  in the device 6 just to the right 
of the cam shift piston 8 when said piston is in 
its "Ahead" position in which if is shown in 
the drawing. 
75 In operation of the inverse double check vlve 



 device 40 I, when only one of the pipes '333; 334 is 
charged with  fluid under pressurë; th respective 
oElve 328 or .30 will close-to prevent fluid under 
pressure from flowing into' the pipe 32! while 
saine will remain  vented by vay of the other 
unseated valve 32} or -30 and the respective un- 
charged pipe 333 or 334. Vv'hen both of the pipes 
33. and 334 become charged, fluid under pressure 
vill flore from one or the other of these pipes by 
way of whichever of the valves-328 330 is un- 
seated into the pi.pe 32! to,the.control chamber 
in,the relay valve device IGO. 

Operation--Fig. 2 

In operation of the Control system employing 
the structure shown in Fig. 1 .modifled as shown 
in Fig. 2, assume that the engine is stopped after 
previous operation in its ahead direction, for ex- 
ample. Ail parts of the apparatus shown in Fig: 
1 will be positioned as previously described ana 
in which they are shown in the drawing with the 
operator's contro] lever 44 in its "Stop" position. 
In Fig. 2, both pipes 33. and 334 connected to the 
inverse double check valve device 4}! will be. 25 
vented by way of the chamber   in the cam shiït 
cylinder device  and the ahead control pipe !9 
which is vented via the Control device  in Fig. 1 
at this rime, as will be recalled from earlier de- 
scription. With both the pipes 333, 334 thus.,:30 
vented as above, the pipe 32! and hence the con- 
trol chamber in the relay valve device 9} will be 
vented by way of the inverse double check valve 
device 40 . and the pipe 32 , as will be appreciated 
from the previous description of operation of said 
device 40. With its control chsznber thus 
vented, the relay valve-device 4}{} wfll be in its 
position in which its communication ! !8 is estab- 
lished so that the chamber ! in the interlock 
device 8 in Fig. 1 wil] be vented to atmophere. 4O 
via the pipe 3}' now connected to the pipe 39 ' 
The piston ! 4 and shoe ! 6 ! in the device 8. will 
both be in their respective repose positions 
previously described. 
Now assume that the operator's control lever 
 44 in Fig. 1 is moved to a position on,:the 
"Ahead" side of "Stop" position to effect oper- 
ation of the engine in the saine, or ahead as as- 
sumed, direction in which it last operated. The 
ahead control pipe 9 becomes supplied with 
fluid under pressure as aforedescribed whi]e the 5o 
astern control pipe 2I} remains vented. From 
the ahead control pipe, fluid under pressure wiil 
flow to the chaber !33 in the directional inter- 
lock device 8, but is preventedfrom reaching the 
chamber !3 therein by the seated valve 
and said chamber .!3 wi]l remain-vented by 
way of the unseated valve :-.2 and the astern 
control pipe 2}. Fluid under pressure also will 
flow from the ahead control pipe 9 into the 
chamber ! in the cam shift cylinder device , 
through one or the other of the pipes 33 or 
3.4, through the inverse double check valve de- 
vice @ff! and the pipe 32 ' to the control chamber 
in the re]ay valve device 4H} Which wi]] respond 
to disestablish its communication !!8 and to 
estab]ish its communication-9. The chamber 
!5 in the interlock device-8 then becomes con- 
nected to thenow vented chamber 3 therein 
by way of the pipe $}', communication /9 in ï0 
relay valve device 40} and the-pipe 3}. The 
piston  and shoe !6 in device 8. will.both 
remain in theirrepose, position at-this rime as 
starting means is brought into operation fo turn 
the engine over in its ahead direction, in ac- 
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 bord with position of the operator's control lever 
in vesponse to movement of-the operator's 
 control lever back fo its "Stop" position in which 
5 both the ahead and astern control pipes !9, 
become vented, the prts of the apparatus of 
Figs. 1, 2 wi]l assume their respeceive positions 
aspreviously described as the engine cornes to a 
stop. 
10 Now.asse that,with the engine stopped, 
after previous-operation in its ahead OErection, 
if-is desed to start the engine operating in its 
.astern rection tough movement of the oper- 
. ator's lever 4 out of "Stop" position to a posi- 
15 tion on the "Astern" side of "Stop" position, 
thereby effecting supp]y of fluid under pressure 
fo the aste control pipe 28 wle maintaining 
the ahead contro] pipe 19 vented. 
uid under pressure from the astern contro! 
pipe 2 wi]l flow by way of the double check 
valve device  and the pipe 3 to the control 
chamber in the relay valve device 9 to cae 
saine to establish its commucation 19 con- 
necting-the pipes 3 and 92 to allow fld un- 
der pressure from the astern control pipe to flow 
by way of the unseated valve 12 and chamber 
13 in the directional interlock device S to the 
chamber 32 in the fuel cut-off cyclinder device 
6 fo hold.fuel supply cut-off to the enge. 
.At the saine rime, fld under pressure from 
the astm control pipe 2fi vfll flow into the 
chamber 18 in the cam sft cylinder device 
whose chamber 1 will be vented via the ahead 
control pipe 19 at the rime to cause movement 
of the cam shift pton 6 from its 'ead" posi- 
tion, in which it is shown in the drawing, to 
its opposite "Astern" position to condition the 
engine for operation astern. 
 Just prior to movement of the cam shift pis- 
Con 16 out of its "ead" position, both pipes 
333 aud 33 will be vented to atmosphere by way 
of chamber I, then initial movement of said 
piston out of its "ead" position toward 
"tern" position will uncover the pipe 33 to 
the pressurized chamber 18 while the pipe 
remai vented via chber , and flnally upon 
attaining its "Astern" position wfll uncover the 
pipe33to thepressized chamber 18, so that 
both pipes 3, 3 then become charged with 
flv2d under pressure. 
It will be appreciated from previous descrip- 
tion that af the rime fluid under pressure is sup- 
plied to the chamber 1 in the cam shfft cylin- 
der device 5 with the chamber I vented to 
55 mosphere to cause the piston l S to move from 
. its "ead" position to ifs "Astern" position, the 
pipe 321, hence the control chamber 22 in the 
relay valve device Ofi, will rain vented fo 
atmosphere by way of the inverse double check 
valve device 4fil until both pipes 33,  become 
charged with-fluid under pressure upon attain- 
ment of the c shift piston 1 in its "Astern" 
.psition. 
It wfll be seen that. during the rime that the 
above shifting in position is occurring, with con- 
trol chamber :282 in relay valve device 
.vented to atmosphere, its communication  19 will 
be maintained disestablished and its couca- 
tion I 18 established so that fld under pressure 
supplied, as aforedescribed, to the chamber 
in the directional interlock de.ce  may not 
 reach the pressure chamber I by way of the 
pipe fi, and said pressée chamber I wfll re- 
main vented by way of the pipe 3fi', said com- 
munication 118 in device Ofi and the pipe 35. 
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At the rime that the cam shift piston attains its 
new "Astern" position and the control chamber 
2{}2 in the relay valve device 4{}{} becomes charged 
as aforedescribed with fluid under pressure, said 
relay valve device will disestablish ifs communica- 
tion l lil which connects the pipe 365' fo atmos- 
phere and will establish its communication 
which connects the pipe 365' fo the charged pipe 
3il5. Fluid under pressure will then flow from the 
pipe 3{)5 via the communication 9 in the de- 
vice 4{){) and the pipe 3{)5' fo the pressure chamber 
57 in the directional interlock device Il to more 
the piston 54 fo cause engagement of the shoe 
! 6 ! with the engine crank shaft . 
Also upon completion of shift of the cam shaft 
2 by movement of the cam shift piston 16 to its 
"Astern" position, the starting means (not 
shown) will be brought into operation to turn 
the engine over in its new or astern direction. 
Upon initial turning movement of the shaft ! in 
its new or astern direction, through resultant 
shift in position of the shoe 16! in engagement 
therewith, the valve 3 ! will be unseated and the 
valve 32 seated, whereupon fluid under pressure 
will release from the pressure chamber 157 in 
device 5 by way of the pipe 3}5', communication 
9 in relay valve device 4{)1}, the pipe 3{)5, said 
chamber 37, the unseated valve 131, chamber 
33 and the vented ahead control pipe 9 fo al- 
low the shoe il! fo be retracted by the spring 
17il fo its repose position disposed away from the 
shaft I in accord with a feature of the inven- 
tion. The pin 66 wfll then project into the notch 
|67 to lock the link |52, cams |4, |5 knd valves 
3! and 32 in their respective positions last 
sumed. 
Upon venting, as above described, of the cham- 
ber 137 in the directional interlock device Il, fluid 
under pressure will release from the chamber 
in the fuel cut-off cylinder device 6 by way of the 
pipe 3ilS, communication 9 in the relay valve 
device 9, the pipe 3il2 and said chamber 37 to re- 
lease said fuel cut-off cylinder device fo allow the 
fuel control shaft 3 to be moved for effecting sup- 
ply of fuel to the engine for running saine in ifs 
astern direction. 
If will be appreciated that each rime a reversal 
in the direction of operation of the engine is 
called for by establishment of pressure in one of 
the control pipes 19, 20 while venting the other 
of sald pipes fo atmosphere, as in a snap or 
flash reversal while the engine is operating, the 
inverse double check valve device 4ill in conjunc- 
tion with cylinder device 5 will so control opera- 
tion of the relay valve device 40il as to prevent 
supply of fluid under pressure from the chamber 
37 in interlock device Il from reaching the pres- 
sure chamber 57 in said device 5 until the cam 
shift piston 16 bas moved from ifs one position 
fo ifs opposite position fo condition the engine 
for operation in the direction opposite fo that in 
which if is running. According fo a feature of 
the invention, by means of such an arrangement, 
operation of the piston 154 in the interlock device 
Il is thus delayed fo allow the shaft ! fo slow down 
while turning in ifs original direction with fuel 
supply eut-off fo the engine belote the shoe 
is moved into engagement with said shaft 
thereby reducing the amount of wear on said 
shoe over that wear which said shoe otherwise 
would sustain if moved lnto engagement with said 
shaft earlier ai higher peed. 
All other parts of the apparatus will function 
as described previously in relation fo Fig. 1. 
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DESCRIPTION--FIG. 3 

According to the structure shown in Fig. 3, 
provide a relay valve device 500, which, for sake of 
5 illustration, may be alike schematically fo the re- 
lay valve device shown in detailed section in Fig. 
5. The relay valve device 500 in Fig. 3 is adapted 
fo be incorporated in the apparatus shown in Fig. 
1 fo .delay supply of fluid under pressure fo the 
10 pressure chamber 157 in the directional inter- 
lock device Il and fo effect quick release of such 
fluid under pressure from said pressure chamber. 
According to this feature of the invention, in 
he relay valve device 500, ifs control chamber 
15 202 is connected to the pipe 305 and thereby fo the 
chamber 137 in the directional interlock device 
8, its chamber 204 is connected to atmosphere by 
way of such as a pipe 501, ifs chamber 205 is 
connected fo the pipe 305' and thereby fo the 
2o pressure chamber 157 in said directional interlock 
device, and ifs chamber 206 is connected fo a 
source oï supply of fluid under pressure such as 
the control supply pipe 40. 
In operation of the apparatus shown in Fig. 1 
25 and embodying the relay valve device 500 of 
Fig. 3 as above described, when fluid under pres- 
sure is supplied to the chamber 137 in the direc- 
tional interlock device 8, as will be effected when 
a reversal in direction of operation of the engine 
30 is called for, such fluid under pressure will flow 
from said chamber 137 via the pipe 305 to the 
control chamber in the relay valve device 500 
which relay valve device will then respond, sub- 
stantially upon attainment of full control line 
35 !oressure, to disestablish ifs communication il8, 
which at the rime will be connecting the .pipe 
305' and hence the chamber 57 in the direc- 
tional interlock device Il fo atmosphere via pipe 
60J, and fo establish its communication I J9 
40 which connects the pipe 305' fo the supply pipe 
40. Fluid under pressure wfll then flow from the 
supply ,pipe 40, through the communication 
in the relay valve device 500, and the pipe 305' 
fo the pressure chamber 157 in he directional 
45 interlock device 8 to actuate the piston 154 to 
cause engagement of the shoe 6! with the 
engine crank shaft l. As soon as the direction 
of rotation of the crank shaft ! is in accord with 
position of the operator's control lever 44, the 
50 valves 13! and 32 wfll be caused to assume posi- 
tions, as aforedescribed herein, fo effect discon- 
nection between the chamber 3 and whichever 
of the control pipes 9, 20 is charged at the rime 
and connection of said chamber 137 fo the other 
55 vented control pipe. Fluid under pressure wfll 
then release from ' the control chamber in the 
relay valve device 500 fo cause same fo disestab- 
lish ifs communication I I 9 connecting the pipe 
305' fo the supply pipe 40 and fo establish its 
ç0 communication 8 which vents said pipe 305' 
fo atmosphere by way of the pipe 501. Fluid 
under pressure will then release from the cham- 
ber 157 in the directional interlock device Il di- 
rectly by way of the pipe 305' and the relay 
5 valve device 500 fo allow for rapid retraction of 
the shoe 16! fo ifs repose ,position disposed away 
from the shaft . It will be seen that the shoe 
automatically is retracted upon turning of the 
engine crank shaft  in ifs proper direction in 
70 accord with position of the operator's control 
lever 44 and that such retraction may be prompt 
by virtue of a local release of fluid under pressure 
from the chamber 157 by way of the relay valve 
device 500 which may be mounted on or adja- 
75 cent fo the directional interlock device. 
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If shouid be pointed .out that through ex- 
change in the relay valve device 500 of control 
-springs 2 I} of different spring values, the time 
.a.t ..which .the relay valve, device.-5[} will trip to 
-effect operation of-shoe !  ! .subsequent te initial 
.movement of the operator's lever :4 te a new 
.position.may be changed as desired, a heavy con- 
 trotspring 210 affording a delay until the pres- 
sure--of flUid supplied to the control chamber 
ffrom.one.or the other oî the control pipes [9, 20 i0 
.buflds up substantially to its maximum value. 
 By ,means of the relay valve device 50, there- 
 f0re,.a delay in operation of the directional inter- 
lock shoe .[6! similar te the delay afforded by 
employment of the structure-shown in Fig. 2 
maybe provided te ss, ve shoe wear. Ai the saine 
rime,, a hes, vy control spring 2 ! 6 in tl]e relay valve 
.device 50 will allow ïor rapid release oï the di- 
,rectional interlock shoe  away from the short 
-! -since only a slight reduction in pressure of fluid 
in the control chamber will open the pressure 
.chamber 17 in device 8 to atmosphere directly 
by way of said relay .valve device rather thon 
.by wayof the chamber I7, chamber I$.or 
eontrol pipe IS or i}, and the operators control 
device  as in operation of the apparatus as 
shown in Fig. 1 without the employlnent oî the 
ï'elay valve device in Fig. 3. 
If will be seen hat E have provided engine,con- 
Wol :apparatus employing a direction sensing in- 
-terlock .device which wi11 substantially minimize 
wear.on.the friction shoe of sueh deviceby limit- 
,ing the rime that said shoe is held in engagement 35 
ith the engine crank short. 
 Iaving new described the invention, what 
¢laim .as new and desire te secure by Letters 
tatent, is: 
1. In combination, a motion reversible mem- 4O 
ber, .two control pipes, a delivery chamber, con- 
trol .means ïor effecting supply .and release 
fluid .under pressure te and-frein either of said 
 tWO .control pipes selectively, valve means con- 
ditionable s, ccording te direction of motion oî 45 
said member te selectively establish .connection 
between said delivery chamber and one or the 
other of said control pipes, direction sensing 
means operatively connected te said valve means 
and «movable by engagement with said member, 5O 
a.nd :fluid pressure means operable in .r.esponse te 
supply of fluid under pressure to said delivery 
chanber te efect movement of said direction 
sensing .means into engagement with said motion 
eelible member. 
'2. OEn .combination, a motion reversible ruera- 
ber,-two control pipes, a delivery chamber, con- 
trol means for effecting supply of fluid under 
:pressure te either of said control pipes selectively 
vhfle venting the other of said control pipes, 
lve means movable to one position or te 
o.fiher ,pgsition to eiher establish connection be- 
ween said delivery chamber and a particular 
one of said control pipes or between said delivery 
vhamber and the other oï said contr.ol pipes, di- 
r, ection sensing means movable by engagemen 
.th said motion reversibte member in one di- 
rection or a reverse direction to effect movement 
of said "alve means to said one position or te 
saiti other position, respectively, and fluid pes- 70 
sure means responsive to .supply and release of 
flUicl nder pressure te and frein said delivery 
chamber fo effect movement of said diîection 
sensing ïneans into and out of engagementwith 
said motion reversible memher, respectively. 75 
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3. In eombination, z -reversible -engine crank 
short :rotatable in an ahead direction or in :an 
 astern:dircction, an ahead control pipe, an ustern 
control pipe, a delivery charnber, contîol means 
operable to an .ahead position o effectsupply.oï 
fluid under pressure-to said ahead control .pipe 
while vening said astern eontrol pipe and to:said 
asteoE psition fo effec supply of fluid under 
pressure o said astern control pipe while venting 
-said ahea control pipe, valve means movable to 
one psition or o another position to establish 
com]eetion between said delivery chamber and 
sid astern control .pipe or .said ahead .contr01 
pipe, respcctively, direction sensing .means.-mov- 
ble by engagement with said shaït whenrotating 
:in the ahead direc.tion to effectmovemen of saitl 
valve means to satd one position .and vhen ro- 
taZing in thc astern direction to effect movement 
oî said valve means to-said other position, and 
.piston moins responive fo supply and :releaseoï 
fluid under pressure fo and from said delivery 
.chamber t effect :movement of said direction 
ensing :means in£o and out of engagement-with 
said shaf£, respectively. 
4..ïn combination,  reversible engine crank 
slmft .rotatab!e in an ahead direction or in .an 
.asn. direction, -n. ahead.control pipe, an.ustern 
contr.ol pipe, a delivery .chamber, conrol means 
operable to an ahead position to effect.supply.of 
-fiuid under p[essue te said ahead contr01 pipe 
 hfle enting-said.astern control pipe and te said 
asteluoE .position to e/ïect supply of fluid under 
ressure,to. said astern contr.ol pipe whfle venting 
sald ahed.control .pipe, valve-means movable 
.one position or-to another position te establish 
cormection between said delivery chamher and 
sald .astern control pipe or said ahead cotrol 
pipe, respectively, direction sensing means mov- 
able by engagement ith said shaft when TOta- 
'ing :in :he ahead .direction lo ffect :movement 
 said valve .means to one position an-d-when rotgt- 
,ing in theastern direction fo eect movement-of 
said valve means to .saicl other position, piston 
means zespormive fo supp]y and release of fluid 
underpressure to .andErom said-delivery,-hmber 
to effect movement oï said dh-ection .sensing 
means into and out of engagement vith .said 
'short, l:especi-ely, nd :m]gine fuel cntoff.Tneans 
operable in response to supply of fluid underpres- 
 sure o said delivery chamber. 
5. Lnccmbination vith a source of fluid under 
Sîessure and :.a reversible engine c:ank sha£t 
tatable in .an ahead direction or astemq direc- 
 tion, :an ahead control pipe, an astern control pipe, 
a delivery chamber, an operator's control devtce 
 comprising an operator's lever movable to an 
ahead position to effect supply of fluid under 
pressure OErom said source to 'said ahead .centrol 
pipe and venting oî said astern eontrel pipe, fo a 
stop posi.tion -to effect venting of both .the ahes, d 
and .astern control pipes and to an astern posi- 
tion £0 effect supply of 12uid under pressure from 
said surce to said astern control pipe and vent- 
ing of said ahead control pipe, valve means mov- 
able £o one position to connect said delivery cham- 
ber te said ahead control pipe or te another 
sition to connect sald delivery chamber fo said 
astern control pipe, direction sensing means mov- 
able by engagement with said short to effect 
movement of said valve means to said one posi- 
tion or to said otheï position accerding as to 
whether said shaft ïs rotating in ïts ahead or in 
is atse'n direction, respectively, piston .means 
respcnsive to supply and ,.'elease of fluid untter 
pressu:c to and ffrom aii de]ïvery chamber .to 
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effect movement of said direction sensing means 
into and out of engagement with said shaft, fuel 
cut-off means responsive fo supply of fluid under 
pressure fo a pressure chamber fo effect termina- 
tion of supply of fuel fo the engine, relay valve 
means responsive fo supply of fluid under pres- 
sure fo a control chamber fo establish a first 
communication fo contact said .pressure chamber 
fo said delivery chamber and fo release of fluid 
moEder pressure from said control chamber to 
disestablish said flrst communication and estab- 
lish an alternate communication fo comoEect said 
pressure chamber fo said source of fluid under 
pressure, and a double check valve device having 
two iniet openings connected fo the ahead and 
astern control pipes, respectively, and an ourlet 
opening connected fo said control chamber. 
6. In combination, a motion reversible ruera- 
ber, two control pipes, a delivery chamber, con- 
trol means ïor effecting supply and release of fluid 
under pressure fo and from either of said two con- 
trol pipes selectively, valve means conditionable 
according fo direction of motion of said member 
fo selectively establish connection between said 
delivery chamber and one or the other of said 
control pipes, direction sensing means opera- 
tively connected fo said valve means and mov- 
able by engagement with said member, fluid pres- 
sure means operable h response fo supply of 
fluid under pressure fo said delivery chambir to 
effect movement of said direction sensing means 
into engagement with said motion reversible mem- 
ber, and timing means fo delay said response. 
7. In combination, a reversible engine crank 
shaft, two control pipes, a delivery chamber, con- 
trol means for effecting supply and release of 
fluid under pressure to and from either of said 
two control pipes selèctively, engine revershoEg 
means movable to assume one position or an- 
other position in response fo selective supply of 
fluid under pressure fo said control pipes, respec- 
tively, valve means conditionable according to 
direction of motion of said shaft to selectively 
establish comoEection between said delivery cham- 
ber and one or the other of said control pipes, 
direction sensing means operative!y connected to 
said valve means and movable by engagement 
with said shaft, fluid pressure piston means oper- 
able in response fo supply of fluid under pressure 
fo said delivery chamber to move said direction 
sensing means into engagement with said shaft, 
and timing means including inverse double check 
valve means and relay valve means to prevent 
response of said piston means during movement 
of said engine reversing means. 
8. In combination, a reversib]e engine crank 
shaft rotatable in ahead or astern directions, an 
ahead control pipe, an astern control pipe, a de- 
livery chamber, engine reversing control means 
having ahead and astern positions for effecting 
supply of fluid under pressure selecti;¢ely fo said 
ahead control pipe and to said astern control 
pipe, respectively, friction means movable in one 
direction or an opposite direction by engagement 
with said shaft when rotating ahead or astern, 
respectively, valve means conditioned by said 
friction means when moved in said one direction 
or said opposite direction fo selectively connect 
said delivery chamber to said astern control pipe 
or fo said ahead control pipe, respectively, fluid 
pressure piston means responsive fo supply of 
fluid under pressure fo a pressure chamber fo 
move said friction means into engagement with 
said shaft and upon release of fluid under pres- 
sure from said pressure chamber fo retract said 
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friction means away from said shaft, and relay 
valve means responsive fo supply of fluid under 
pressure fo said de]ivelJ chamber fo supply fluid 
under pressure fo said pressure chamber and re- 
5 sponsive to release of fluid ul]der pressure from 
said delivery chamber fo release fluid under pres- 
sure from said pressure chamber. 
9. In combination with a source of fluid under 
pressure, a friction shoe adapted for frictional 
l0 engagement with a reversible rotatable shaft fo 
be moved tangentially by such engagement in one 
or an opposite direction according fo direction of 
shaft rotation, a pressure chamber, piston and 
return spring means operatively connected fo 
15 said friction shoe responsive fo pressure of fluid 
supplied to said pressure chamber fo advance 
said shoe in a shaftwise direction and responsive 
to dissipation of such pressure in said pressure 
chamber to retract said shoe in a counter-shaft- 
20 wise direction, one control chamber, another con- 
trol chamber, a delivery chamber, valve means 
operably corected fo said shoe adapted fo selec- 
tively establish a fluid pressure communication 
between said one or said other control chamber 
25 and said delivery chamber according fo tangen- 
tial movement of said shoe in ifs one or opposite 
direction, respectively, a fluid pressure conduit 
connecting said pressure chamber fo said delivery 
chamber, one control pipe and another control 
30 pipe connected fo said one control chamber ad 
said other control chamber, respectively, and an 
operator's control valve device having an opera- 
tor's handle movable in a direction correspond- 
ing to tangential movement of said shoe in ifs 
3ê said one direction fo establish connection be- 
tween said source and said other control pipe and 
between the atmosphere and said one control 
pipe and movable in a direction corresponding fo 
tangential movement of said shoe in ifs said other 
40 direction fo establish connection between said 
source and said one control pipe and between 
mosphere and said other control pipe. 
10. The combination as set forth in claim 9 
cluding a positioning piston pressure chamber, 
4'5 a positioning device comprising positioning pis- 
ton and return spring means responsive fo pres- 
sure of fluid supplied fo said positioning piston 
pressure chamber fo assume one position and 
sponsive to dissipation of such pressure in said 
50 piston pressure chamber fo assume another posi- 
tion, a control chamber, relay valve means re- 
sponsive fo supp]y and release of fluid under pres- 
sure fo and from said control chamber fo selec- 
tively establish fiuid pressure communication 
55 tween said piston pressure chamber and either 
said delivery chamber or said source, respective- 
]y, and double check valve means responsive fo 
establish connection between said control cham- 
ber and whicheveï of the one and other control 
0 pipes is charged with fluid under pressure. 
11. The combination as set forth in claim 
including a control chamber relay valve means 
interposed in said fluid pressure conduit respon- 
sive fo supp]y and release of fluid under pressure 
65 fo and from said control chamber fo selectively 
establish fluid pressure communication between 
said pressure chamber and either said delivery 
chamber or atmosphere, respectively, a cam shift 
cylinder comprising a .reciprocable piston divid- 
ï0 ing the interior of said cylinder into two pressure 
chambers connected fo the two control pipes, re- 
spectively, said cylinder having two spaced apart 
ports opening fo the irmer cylinder surface on 
which said piston slides, said ports being dis- 
75 posed so that both open fo one or the other side 



23 
of said piston when saine attains one or the 
other of two opposite extreme positions, respec- 
tively, and an invel"se double check valve device 
 havLug opposite fl]lets connected ço said ports, 
respective]v, and an out!et connected fo said con- 
trol chamber, operab]e to supp]v fluid under pres- 
sure fo said control chamber on]v when both in- 
.1ets are pressurized .and to vent said control 
Chamber when either or both iniets are vented. 
12. The combination as set forth in claire 9, in- 
cluding a control chamber connected to said de- 
livery chamber, relay valve means interposed in 
said fiuid-pressure conduit responsive fo supp]v 
and reiease of fluid under pressure to and from 
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said control chamber to selectively establish com- 
munication between said pressure chamber and 
 said source or atmcsphere, respectively. 
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